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[57] ABSTRACT 

A header in which an address signal has been recorded is 
provided on the disc for every predetermined sector interval. 
Recording data is arranged in an error correction encoding 
block and the error correcting process is performed. The 
error correction encoding block is divided into a plurality of 
portions in a predetermined direction, thereby forming sec- 
tors SI, S2, S3, .... The data of each sector is recorded 
subsequent to the header. Upon reproduction, the header is 
detected and the data is reproduced for every sector. One of 
the error correcting processes is performed in the reproduced 
data in the sectors SI, S2, S3, .... In the case where errors 
cannot be corrected by the error correcting process in the 
reproduced data in the sector, the error correction block 
including the sectors SI, S2, S3, . . . is reproduced and the 
error correcting processes are performed in the sequences in 
two directions. 

26 Claims, 10 Drawing Sheets 
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Fig. 2A 
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Fig. 3 
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Fig. 5 
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Fig. 6 
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HIGH SPEED DATA RECORDING AND/OR 
REPRODUCING METHOD AND APPARATUS 
WITH INCREASED DATA SECTOR ACCESS 
SPEED 

5 

This is a continuation of Application No. Ser, 08/658,715 
filed Jun. 5, 1996. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 10 
The present invention relates to a signal processing 

method which is suitable when it is used, particularly, in the 
case where data for a computer is recorded to an optical disc 
or the case where data recorded on an optical disc is 
reproduced. 15 

2. Description of the Prior Art 

As a memory medium for recording a digital video signal 
which was compressed by an MPEG (Moving Picture 
Experts Group) or the like, a DVD (digital video disc) has 2Q 
been developed. The DVD is an optical disc which has the 
same diameter as that of a CD (compact disc) and in which 
a recording density has been further improved by a progress 
in realization of a short wavelength of a laser beam, an 
increase in numerical aperture NAof an objective lens, and 25 
an improvement of processes for a digital modulation and an 
error correction encoding. Even in the case of a single-layer 
disc, the DVD has an extremely large data memory capacity 
for example about 3,7 Gbytes. As a form of the DVD, there 
has been proposed a disc which is recordable and reproduc- 3Q 
ible by using an MO disc or a phase-change type optical disc 
in addition to a read only optical disc. 

It has been proposed that such a DVD be used as an 
external memory device of a computer. That is, as an 
external memory device of the computer, attention is paid to 35 
an optical disc drive having advantages such as large capac- 
ity and high-speed access. A CD-ROM and a CD-I (CD- 
Interative) constructed in a manner such that data is recorded 
to a CD, MD (mini disc) data which is recorded and 
reproduced to/from an MD (mini disc), and the like have 4 q 
already been proposed. Since the DVD has an extremely 
large data memory capacity of about 3.7 Gbytes, the DVD 
is expected to be an external memory medium which can 
store data of a larger capacity. 

In the DVD, in order to protect recording data, an error 45 
correction encoding process is performed. Since sequential 
data such as video data is handled in the DVD, a cross 
interleave code of a convolution type is used. However, 
when the convolution code is used, it is difficult to access the 
data on a sector unit basis and to read and write the data. In 50 
the case where the DVD is used as an external memory 
medium for recording and reproducing data of the computer, 
it is necessary to access the data on a sector unit basis and 
to read and write the data, so that it is necessary to use a code 
of a block completion type. 55 

Namely, FIG. 9 shows an example of processes in the case 
of generating the convolution type cross interleave code. As 
shown in FIG. 9, a parity P of, for example, eight bytes is 
added to, for example, 162 bytes in the vertical direction in 
a CI sequence. In a C2 sequence, a parity Q of, for example, 60 
14 bytes is added in the oblique direction. By adding data of 
148 bytes in the vertical direction, parity P of 8 bytes, parity 
Q of 14 bytes, the number of data in the vertical direction is 
equal to 170 bytes. The data recorded on the disc is read out 
therefrom synchronously with the frame. One frame is equal 65 
to 85 bytes. The data of 170 bytes in the vertical direction is 
equal to an amount of just two frames. 
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As mentioned above, although the convolution type cross 
interleave code is used in the DVD, it is difficult to access 
every block of the data and read and write the data by using 
the convolution type code. It is, therefore, considered to use 
a cross interleave code of the block completion type. 

FIG. 10 shows an example of processes in the case of 
generating the block completion type cross interleave code. 
In order to realize a common construction with the case of 
the above-mentioned convolution code, the number of data 
in the vertical direction is set to 148 bytes, the parity P is set 
to eight bytes, the parity Q is set to 14 bytes, and the total 
number of data in the vertical direction is set to 170 bytes. 
Since one sector is set to, for example, 16 kbytes, the number 
of data in the horizontal direction is set to 112 bytes 
(148x112=16576 bytes). When the block completion type 
cross interleave code is used, a length of interleave is longer 
than a width of block. Therefore, as shown in FIG. 10, when 
the number of data in the horizontal direction reaches the 
length of 112 bytes, an aliasing of the C2 sequence occurs. 
As shown in FIG. 10, when the block completion type cross 
interleave code is used, data can be read and written at every 
block such that it is suitable for a case where the DVD is 
used as an external memory medium for recording and 
reproducing data for the computer. 

As a sector size in the case where data is recorded and 
reproduced to/from a data recording medium such as a DVD 
or the like becomes large, the disc can meet requirements for 
a high density and high reliability. In association with it, the 
file size to be handled becomes more and more large. 
Therefore, in recent years, there is a tendency to increase the 
sector size of data recording medium such that a size of one 
sector has been changed from initial 512 bytes to 1024 bytes 
and, further, to 2 kbytes. 

However, since the access to the recording medium is 
performed on a sector unit basis, as the sector size becomes 
large, it takes a long time for reading and reproducing. There 
is, consequently, a problem such that an accessing speed 
including error correction encoding and decoding processes 
decreases. In consideration of problem of a compatibility 
with a sector of an existing data recording medium, there is 
also a demand to enable data to be handled by a small sector. 

In the case of recording data to the DVD, however, when 
the number of sectors is reduced, the reliability of the data 
deteriorates. 

That is, in the above-mentioned example, the sector size 
is set to 16 kbytes. When the sector size is set to 16 kbytes, 
as shown in FIG. 10, an aliasing of the C2 sequence occurs 
once. 

Since the block shown in FIG. 10 has 16 kbytes, when 
such a block is divided into eight portions, a sector of 2 
kbytes can be constructed. However, as shown in FIG. 11, 
when the block of 16 kbytes is divided into eight portion, the 
sector of 2 kbytes (14x148=2072 bytes) is constructed and 
the error correction encoding is performed by using the cross 
interleave code in a manner similar to the foregoing 
example, many aliasings occur in the C2 sequence. Thus, a 
sufficient error correction cannot be performed. 

As mentioned above, when the sector size is increased, 
although the reliability of data is improved, there is also a 
drawback such that the accessing speed becomes slow. 

On the contrary, when the sector size is reduced, although 
the accessing speed is raised, there is a drawback such that 
the reliability of data deteriorates. 

OBJECT AND SUMMARY OF THE INVENTION 

It is, therefore, an object of the invention to provide a 
recording and reproducing method whereby a sector of a 
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small size can be accessed and an accessing speed can be FIG. 7 is a schematic diagram which is used for expla in- 
raised while maintaining a reliability of data. ing another embodiment of the invention; 

According to the invention, there is provided a data FIG. 8 is a flowchart which is used for explaining another 

recording method whereby an address signal is recorded to embodiment of the invention; 

a disc for every sector, data is arranged in an error correction 5 pjQ 9 j s a schematic diagram which is used for explain- 

encoding block and is subjected to an error correction ing a conventional data recording method; 

encoding process, the error correction encoding block is FIG. 10 is a schematic diagram which is used for explain- 

divided into a plurality of portions in a predetermined ing the conventional data recording method; and 

direction to thereby form sectors, and the data of each sector p IG u is a schematic diagram which is used for explain- 

is recorded in correspondence to the address signal. 10 ing the conve ntional data recording method. 

According to the invention, there is provided a data 
reproducing method of reproducing a disc in which an 
address signal in each sector has been recorded and data of 

each sector has been recorded in correspondence to the An embodiment of the invention will now be described 

address signal, in which the data of each sector is formed by 15 hereinbelow with reference to the drawings. FIG. 1 shows an 

dividing an error correction encoding block into a plurality example of a data recording/reproducing apparatus to which 

of portions in a predetermined direction, the address signal the invention can be applied. In this example, a block for an 

of the disc is detected, the data is reproduced every sector, error correction encoding is set to, for example, 16 kbytes 

an error correcting process is executed to the reproduced and a sector size is set to, for example, 2 kbytes. Data can 

data in the sector, and when errors cannot be corrected by the 20 be handled for every sector of 2 kbytes, 

error correcting process in the reproduced data in the sector, In FIG. 1, reference numeral 1 denotes an optical disc, 

an error correction block including such a sector is The optical disc 1 is rotated by a spindle motor 2. In the 

reproduced, and the error correcting process is performed in example, as an optical disc 1, a magneto-optical disc is used, 

the reproduced data in the error correction block. A fundamental construction of the optical disc 1 is similar to 

A header is recorded at every predetermined sector inter- 25 that of a DVD for recording a digital video signal and a data 

vals on the disc. The address signal is included in the header. memory capacity is set to about 3.7 Gbytes. A phase-change 

Recording data is arranged in the error correction encoding type disc can be also used as the optical disc 1. Data is 

block and the error correction encoding process is per- recorded and reproduced to/from the optical disc 1 for every 

formed. The error correction encoding block is divided into sector. 

a plurality of portions in a predetermined direction, thereby 30 An optical pickup 3 and a magnetic head 4 are provided 

forming sectors. Subsequent to the header, the data of each for the optical disc 1. The optical pickup 3 and magnetic 

sector is recorded. Since the sector is formed by dividing the head 4 can be integratedly moved in the radial direction of 

error correction encoding block into a plurality of portions the disc by a thread feeding mechanism (not shown), 

in the predetermined direction, when the error correction Reference numerals denotes an interface. As the interface 

encoding is performed in two directions by the error cor- 5, for example, the SCSI is used. Data and commands are 

rection encoding blocks, one of the error correcting pro- transmitted and received to/from a host computer 6 through 

cesses can be executed in each sector. Upon reproduction, the interface 5. 

the header is detected and the data is reproduced for every i n case of recording data to the optical disc 1, the data is 

sector. One of the error correcting processes is executed in inputted from the interface 5. The data is supplied to a block 

the reproduced data in the sector. When the errors cannot be segmenting circuit 7. The block segmenting circuit 7 seg- 

corrected by the error correcting process in the reproduced ments recording data into blocks in order to perform an error 

data in the sector, the error correction block including such correction encoding of a block completion type, 

a sector is reproduced. The error correcting processes are An error correction encoding circuit 8 executes an error 

executed in the sequences in the two directions. By using the 45 correction encoding process by an error correction code of 

above method, a sector of a small size can be handled tne completion type. The error correction encoding 

without a deterioration of the reliability of data. process is performed for every block by the error correction 

The above and other objects and features of the present encoding circuit 8. 

invention will become apparent from the following detailed As will be described hereinbelow, the block for the error 

description and the appended claims with reference to the 5Q correction encoding is divided into a plurality of portions 

accompanying drawings. and, after that, they are handled. The divided portions are set 

BRIEF DESCRIPTION OF THE DRAWINGS t0 s* 50101 ^- That is, one block is constructed by a plurality of 

sectors. In the optical disc 1, a header including an address 

FIG. 1 is a block diagram of an example of a recording/ signa , te pr0 vided,by, for example, a pre-pit. Data of sectors 

reproducing apparatus to which the invention can be js ^ recorded subsequent to the header including the address 

applied; signal 

FIGS. 2A and 2B are schematic diagrams which are used An output of the error correction encoding circuit 8 is 

for explaining an embodiment of the invention; supplied to a modulating circuit 9. Data is subjected to a 

FIG. 3 is a schematic diagram which is used for explain- modulation such as an EFM (Eight to Fourteen Modulation) 

ing the embodiment of the invention; 60 or the like in the modulating circuit 9. An output of the 

FIGS. 4A and 4B are schematic diagrams of an example modulating circuit 9 is supplied to the magnetic head 4 via 

of a construction of a header which is used for explaining the a driver 10. A magnetic field modulated by the data is 

embodiment of the invention; applied from the magnetic head 4 onto the optical disc 1 and 

FIG. 5 is a flowchart which is used for explaining the a laser beam is also irradiated from the optical pickup 3 onto 

embodiment of the invention; 65 the disc 1. Thus, the data is recorded to the optical disc 1. 

FIG. 6 is a schematic diagram which is used for explain- As mentioned above, in the example, as a data recording 

ing another embodiment of the invention; method, a magnetic field modulating system such that when 
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data is written, the magnetic field modulated by data is shown in FIG. 10. Although the zigzag interleave in the 

applied from the magnetic head 4 and the laser beam is also vertical direction is ordinarily performed, such a zigzag 

irradiated from the optical pickup 3 is used. The invention is interleave is not executed so as to complete the error 

not limited to the magnetic field modulating system. correction code for every sector. 

Upon reproduction, a reproduction signal of the optical s However, as shown in FIG. 2B, the interleave can be 

disc 1 is obtained from the optical pickup 3. The reproduc- performed between both end data (the n 0 -th column and the 

tion signal is supplied to an RF amplifier 11. The reproduc- n 13 -th column) so as not to perform the interleave between 

tion signal from the RF amplifier 11 is supplied to a lwo ad J aceDt sectors. 

demodulating circuit 12. The data is demodulated by the M shown 10 FIG * 3 ' ei S ht P ortlons obtained b y dividin S 

demodulating circuit 12. An output of the demodulating 10 one block for the error correction encoding are set to sectors 

circuit 12 is supplied to an error correction decoding circuit S1 > S2 ' S3 > ■ ■ • « and S8 " Tb * i !*> each of a** 018 ne S1 10 S8 

j3 consists of 14 bytes in the horizontal direction and 148 bytes 

A , , lL , , , , (L in the vertical direction. A data capacity of one sector is 

As mentioned above, the header including the address r J 

signal has been recorded on the optical disc 1. The data can „ n x , " . . ^ es , _ . , , , 

be reproduced by accessing a desired sector by the header. 15 Whcn the P mUes P and Q are 1Dcluded ' 

The error correction decoding circuit 13 executes the error 170x14=2380 bytes 

correcting process of the sector in the CI sequence. When FIGS - 4A Md 4B show a construction of each of the 

the error correction is not impossible in only the CI sectors SI to S8. As shown in FIG. 4A, each sector consists 

sequence, all of error correction blocks including the sector of a header P 0rtl0n and a data P ortlon - M showD in FIG 4B > 

are reproduced and the error correcting process is performed 20 the header P ortion 1S constructed by: a sector mark (SM) of 

by using the CI and C2 sequences. six bvtes which is uscd for detection; a VF01 of 24 

A 4*f.u ™ *■ a a- ii • bytes and a VF02 of 15 bytes which are used for PLL pull-in: 

An output of the error correction decoding circuit 13 is J ,, . , AWX J - ^_ , . . , . r . ' 

i a T 1 1 i i r™ , , , an address mark (AM) of two bytes which is used for 

supplied to a block desegmenting circuit 14. The block , . , 

j .•••*<•>! . a- address detection; and addresses (ID1 and ID2) each con- 

desegmenting circuit 14 executes a process corresponding to .. * . , jj u 

the foregoing block segmenting circuit 7. An output of the 25 slstm S ° f ? ve ^'f ** ack add f e ^' a . "? or ?* tes8 « ™ 

block desegmenting circuit 14 is sent to the interface 5 and error detection code CRC are included m the address. The 

the data is outputted to the host computer 6 via the interface ^ P ort,on . » b * ^ "xainple. the pre-pit 

5 ^ snown 111 FIG. 4 A, the data portion is constructed by 

" A , , a VF03 of 20 bytes which is used for the PLL pull-in, data 

A tracking error signal and a focusing error signal are 3Q of ^ b flnd lhe efror mmtdon ^ Furth a 

outputted from the RF amplifier 11 The tracking error signal buffef> a and ^ ^ whicfa m ^ tQ absofb a jit{er 

and focusing error signal are supplied to a servo circuit 15. of me ^ motor> an eccentricit of the disCj and the ^ 

The servo circuit 15 generates a tracking control signal, a are mcluded y recordingj syncs (sector sync> frame 

focusing control signal, a control signal of a thread motor a } for hronizi the data fa added t0 the dala of 2380 

control signal of a laser power, a control signal of the spindle 35 b b the demodulating circuit 9 . In the data of 23 80 

motor; and the like under management of a system controller b 2QJ2 b ^ nd t0 a ^ data , A CRC code for 

16. The tracking control signal, focusing control signal and mc em)r detection ^ induded [n the usef d ^ ^ ^ 

control signal of the thread motor are supplied to an objec- data cafl be protected 

tive lens driving unit or the thread motor of the optical ^ mentioned abovej the header tion is ided at the 

pickup 3, so that a tracking servo control and a focusing 4Q head of each sectQr v ductiorij lhe data fe accessed 

servo control are executed. The control signal of the laser fof sect0f b ^ ^ header portion . With respect to 

power is supplied to the optical pickup 3, so that the lfae data of Qne sector> me em)r cess can be 

optimum laser power is set m accordance with the recording rformed m me C1 s ce b ^ the ^ p ^ tn 

mode or the reproducing mode. The control signal of the me em)r mmdLiDn is pe rformed in the C l sequence and it 

spindle motor is supphed to the spindle motor 2 through a 45 ^ jud d ^ ^ errQr mmedon k not impossib i e m on i y 

driver 17, thereby controllmg the rotation of the optical disc. ^ C1 sequeQcej ^ of tfae err0f blocks mcluding 

In the embodiment of the invention, as mentioned above, lbe sector are reproduced and the error correction process is 

the block for the error correction encoding is constructed by executed by using the Cl and C2 sequences, 

a plurality of sectors. The block for the error correction Subsequently, an example of the reproducing operation of 

encoding consists of, for example, 16 kbytes and the sector 50 t h e data recording/reproducing apparatus described in FIG. 

consists of 2 kbytes. j w ^ now be explained hereinbelow with reference to a 

FIG. 2 A shows an example of the block for the error flowchart shown in FIG. 5. 

correction encoding. As shown in FIG. 2A, data of 148 bytes First in step ST1, a command to reproduce the desired 

in the vertical direction and 112 bytes in the horizontal sector data is sent to the interface 5 through a bus from the 

direction is arranged. A parity P of eight bytes is added in the 55 host computer 6. The command is transmitted to the system 

Cl sequence in the vertical direction and a parity Q of 14 controller 16 and it is judged in step ST1 that there is a 

bytes is added in the C2 sequence in the oblique direction. request to reproduce the sector data. In step ST2, the system 

The block constructed by 170 bytes (data of 148 bytes, controller 16 controls the servo circuit 15 in accordance with 

parity P of 8 bytes, and parity Q of 14 bytes) in the vertical the transmitted command and moves the optical pickup 3 to 

direction and 112 bytes in the horizontal direction as men- eo a desired sector on the optical disc 1 while referring to the 

tioned above is set to the block for the error correction header portion shown in FIG. 4A. After the optical pickup 3 

encoding. In the Cl sequence, the (170, 162, 9) Reed is moved to a desired position, the sector data is reproduced 

Solomon code is used. In the C2 sequence, the (170, 156, 15) through the RF amplifier 11 and demodulating circuit 12. 

Reed Solomon code is used. Data is read and written in the The reproduced data is inputted to the error correction 

vertical direction. 65 decoding circuit 13, In step ST3, in the error correction 

A structure of the block is fundamentally the same as that decoding circuit 13, the error correcting process using the 

of the cross interleave code of the block completion type parity P constructed by the Cl sequence shown in FIGS, 2 A 
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and 2B is performed to the reproduced sector data. In step As shown in FIG. 7, one block for the error correction 

ST4, the system controller 16 monitors whether the error encoding is divided into nine portions and the divided 

correction exceeds a correcting ability by the parity P or not. portions are set to sectors Sll, S12, S13, . . . , S19. A length 

When the error correction lies within a range of the correc- of the block for the error correction encoding in the hori- 

tion ability, namely, when it is judged that the error correc- 5 zontal direction is equal to 225 bytes. Since the sector is 

tion could normally be executed, the system controller 16 constructed by dividing the block into nine portions, a length 

generates the error-corrected sector data to the block deseg- of the sector in the horizontal direction is equal to 25 bytes, 

menting circuit 14, The block desegmenting circuit 14 In the C2 sequence, the parity Q of 25 bytes is added, 

generates the sector data as it is to the interface 5. The sector Therefore, among the sectors Sll to SI 9, the sector S19 is 

data is transmitted to the host computer 6 via a data bus. 10 a sector for only the parity. Such a sector is called a parity 

When the errors of the sector data exceed the correcting sector hereinbelow. 

ability by the parity P and the error correction is not A data capacity of each of the sectors Sll to S18 except 

impossible in step ST4, all of the data in the block including the parity sector SI 9 is equal to 
the reproduced sector is fetched into the error correction 

decoding circuit 13 in step ST5. In step ST6, by using the CI is 2Q75 fe ^ 

sequence (parity P) and the C2 sequence (parity Q) shown * y s 

in FIG. 2A, the error correction of the reproduced block data When including the parity P, 
is performed. In the block desegmenting circuit 14, the 
sector requested from the host computer 6 by the system 

controller 16 is extracted from the block data decoded by the 20 

error correction decoding circuit 13. The extracted sector Data is read and written in the vertical direction. The 

data is transmitted to the host computer 6 through the whole parity sector S19 is composed of the parities P and Q 

interface 5 and data bus. In the example of the foregoing and its size is equivalent to that of each of the sectors Sll 

operation, in step ST2, the system controller 16 controls in to S18. 

a manner such that only the desired sector data is fetched 25 In a manner similar to the foregoing embodiment, the data 

into the error correction decoding circuit 13. However, for of each sector is arranged subsequent to the header portion 

example, in the case where a reproducing request from the in which the address has been recorded. The construction of 

host computer 6 is a request to reproduce a plurality of the header portion can be constructed in a manner similar to 

continuous sector data, the data of the block including the that shown in FIGS. 4A and 4B. The reproducing operation 

desired sector can be also previously fetched to the error 30 is executed in a manner similar to the operation shown in 

correction decoding circuit 13. In this case as well, since the FIG. 5. 

optical pickup 3 accesses the continuous data on the optical That is, upon reproduction, the data is accessed for every 

disc 1, as compared with the foregoing example, a time sector Sll, SI 2, SI 3, ... by using the header portion. In the 

which is required to access slightly increases. Therefore, the data of one sector, the error correcting process can be 

reproducing operation can be performed at a processing 35 performed by using the parity P in the CI sequence. When 

speed higher than that of the conventional process. That is, the error correcting process is performed in only the CI 

since the error correcting process using the CI and C2 sequence and errors cannot be corrected in only the CI 

sequences is limited to the case where the error correction is sequence, all of the error correcting blocks including such a 

not impossible when using the only CI sequence, the speed sector are reproduced, and the error correcting processes are 

of a series of processes for the data access can be improved. 40 performed by using the CI and C2 sequences. 

As mentioned above, in the present embodiment, irre- In the embodiment, the parity sector S19 is provided, 

spective of the fact that the error correction encoding block Therefore, in case of rewriting the data every sector, it is 

consists of 16 kbytes, the reproduction can be performed for possible to cope with such a rewriting operation by merely 

every sector of 2 kbytes. Upon reproduction, since it is rewriting the parity sector SI 9, so that it is easy to rewrite 

sufficient to merely access a sector (2 kbytes) of a small size 45 the data every sector. The data rewriting operation of the 

without accessing one block (16 kbytes), the data accessing data recording/reproducing apparatus of the embodiment 

speed can be raised. In the case where errors which cannot will now be described hereinbelow with reference to FIG. 8. 

be corrected occur in only the CI sequence, since the error In FIG. 1, when a command for a request to rewrite the 

correcting processes using the CI and C2sequences can be desired sector data is generated from the host computer 6, 

performed by using the error correction encoding block, the 50 the command is sent to the system controller 16 via the 

reliability of data is not lost. control bus and the interface 5. 

FIG. 6 shows a data block in another embodiment of the In step ST11 in the flowchart shown in FIG. 8, the system 

invention. Although the cross interleave code is used in the controller 16 judges that there is a rewriting request from the 

foregoing embodiment, a product code can be used in host computer 6, and allows the optical pickup 3 to move to 

another embodiment. 55 a requested sector on the optical disc 1 with reference to the 

As shown in FIG. 6, data of 83 bytes in the vertical address information of the header portion added to the head 

direction and 200 bytes in the horizontal direction is of the sector. After the pickup 3 is moved, the desired sector 

arranged. The parity P of 2 bytes is added in the CI sequence data is reproduced in a manner similar to the operation 

in the vertical direction and the parity Q of 25 bytes is added shown in FIG. 5 in the foregoing embodiment and is 

in the C2 sequence in the horizontal direction. As mentioned 60 decoded by the error correction decoding circuit 13. For 

above, the block for the error correction encoding is con- such a decoding period of time, new data for rewriting is 

structed by 85 bytes (the data of 83 bytes and the parity P of supplied from the host computer 6 to the block segmenting 

2 bytes) in the vertical direction and 225 bytes (the data of circuit 7 through the data bus and interface circuit 5. 

200 bytes and the parity Q of 25 bytes) in the horizontal Namely, in step ST13, rewrite data for newly recording is 

direction. In the CI sequence, the (85, 83,3) Reed Solomon 65 inputted to the block segmenting circuit 7. In FIG. 8, 

code is used and the (225, 220, 26) Reed Solomon code is although steps ST12 and ST13 are shown as continuous 

used in the C2 sequence. steps, they can be also performed in parallel. 
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In step ST14, in the block desegmenting circuit 14, the 
reproduced sector data before rewriting is compared with the 
corresponding sector data of the rewrite data in the block 
segmenting circuit 7 by the system controller 16, so that 
differential data between them is obtained. In step ST15, the 
differential data is temporarily stored in a memory (not 
shown) provided under the management of the system 
controller 16 in order to rewrite the data in the parity sector, 
which will be described hereinafter. In step SH6, the parity 
P constructed by the CI sequence of the sector data which 
is newly recorded is obtained by the error correction encod- 
ing circuit 8 and is added to the sector data. In step ST17, the 
sector data in which the parity P was added is recorded to a 
target sector as data which was subjected to a modulation 



10 



designating areas (addresses) in the semiconductor memory. 
It will be obviously understood that the arithmetic opera- 
tions are executed by controlling the memory controller by 
the system controller 16. 

Although the header portion in which the addresses have 
been recorded is provided and the header portion is set to, for 
example, the pre -pit in the foregoing embodiment, the 
addresses can be also recorded by wobbles along the groove 
of the track. 

According to the invention, the error correction encoding 
block is divided into a plurality of portions in a predeter- 
mined direction, thereby forming the sectors, and the data of 
each sector is recorded subsequent to the header in which the 
address signal is included. Since the sector is formed by 



such as an EFM or the like through the modulating circuit 9 is dividing the error correction encoding block into a plurality 
and the driver 10 by the magnetic head 4 and the optical of portions in the predetermined direction, the error correct- 
pickup 3 by a magnetic field modulating method. ing process can be performed in one direction in each sector 
When the new data is written to the target sector, the in the error correction encoding block. Upon reproduction, 
system controller 16 reproduces the data in a manner similar the header is detected, the data is reproduced for every 
to the foregoing reproduction process, thereby performing 20 sector, and the error correcting process is performed in one 
the error correction using the parity Pby the error correction direction in the reproduced data in the sector. In the case 
decoding circuit 13. In the case where errors can be where errors cannot be corrected by the error correcting 
corrected, step ST18 follows and the system controller 16 process, the error correction block including the sector is 
reads out the data of the parity sector in the block including reproduced and the error correcting process is executed in 
the rewritten sector. In this case as well, the reproducing 25 two directions. Therefore, the sector of a small size can be 
operation using the CI sequence as mentioned above is handled, the accessing speed can be improved, and the 
performed. In the case where the error correction using the reliability of data doesn't deteriorate, 
parity P is not impossible, data is again written to the sector The present invention is not limited to the foregoing 
and, after that, a verifying operation is similarly performed embodiments but many modifications and variations are 
by using the parity P. In this case, data can be also recorded 30 possible within the spirit and scope of the appended claims 
onto an alternating sector. In step ST19, the system control- of the invention, 
ler 16 adds the differential data stored in the memory in step What is claimed is: 

ST15 to the read-out data of the parity sector in accordance 1. A method of recording data onto a disc in which address 

with the data trains of the CI and C2 sequences, respec- information has been recorded for every sector on said disc, 

tively. Such an adding process is performed by the error 35 said method comprising the steps of: 



correction encoding circuit 8. The error correction encoding 
circuit 8 obtains new parities P and Q. In step ST20, a parity 
sector constructed by the obtained parities P and Q is again 
recorded to the position of the reproduced parity sector on 
the optical disc 1. The rewriting operation is finished. 40 

As mentioned above, in the case of rewriting a desired 
sector, it is sufficient to merely obtain the parity Q by adding 
the differential data between the present data and the data 
before rewriting to the data of the parity sector and to rewrite 
the parity sector by the parity Q. Therefore, it is unnecessary 45 
to newly obtain the parity data by reproducing all of the data 
of the encoding block. 

As mentioned above, in the case where the parity sector 
is provided and the desired sector is rewritten, the construc- 
tion such that the differential data between the present data 50 
and the data before rewriting is added to the data of the 
parity sector and the parity Q is obtained and the parity 
sector is rewritten is not limited to the construction using the 
product code. For instance, the invention can be similarly 
applied to the case of using the cross interleave code. For 55 
example, in case of the construction shown in FIG. 3, a 
construction such that the parity Q is arranged to the sector 
S8 and the sector S8 is set to the parity sector is considered. 

In the data recording/reproducing system shown in FIG. 
1, the block segmenting circuit 7, block desegmenting 60 
circuit 14, error correction encoding circuit 8, and arranged 
error correction decoding circuit 13 have been constructed 
by the independent circuit blocks, respectively. However, a 
hardware construction in the actual system is constructed by 
a well-known semiconductor memory such as a DRAM or 65 
the like for temporarily storing the sector data and block data 
and a memory controller having a plurality of registers for 



arranging inputted data for every block composed of a 

plurality of sectors; 
forming parity data for error correction for data sequences 

in at least two directions in said block; 
forming a plurality of sectors by dividing said block 
including said parity data into a plurality of portions in 
a predetermined direction; and 
recording the data of each said sector to said disc in 
correspondence to said address information; 
wherein the two directions in said step of forming parity data 
for error correction for data sequences includes the horizon- 
tal or vertical direction and the oblique direction of said 
block. 

2. The method of claim 1 wherein said step of forming 
said sectors includes the step of dividing said block in the 
same direction as that of at least one of said data sequences. 

3. The method of claim 2 wherein said step of dividing 
said block includes the step of dividing said block in said 
horizontal or vertical direction. 

4. The method of claim 1 wherein one of said plurality of 
sectors in said block is a parity sector comprising said parity 
data, said method further including the steps of: 

in case of rewriting data in a desired block, reproducing 
the block data before rewriting from said disc; 

forming parity data from only new data and the repro- 
duced data; and 

writing the formed parity data into said parity sector on 
said disc in order to rewrite said parity sector. 

5. The method of claim 4 wherein said step of forming 
said sectors includes the step of dividing said block in the 
same direction as that of at least one of said data sequences. 
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6. The method of claim 5 wherein said step of dividing 
said block includes the step of dividing said block in said 
horizontal or vertical direction. 

7. The method of claim 1 wherein one of said plurality of 
sectors is a parity sector comprising said parity data, said 5 
method further including the steps of: 

reproducing data in a desired block from said disc; 

forming parity data from only new data and the repro- 
duced data; and 

writing a formed error correction code into said parity io 
sector on said disc in order to rewrite said parity sector. 

8. The method of claim 7 wherein said step of forming 
said sectors includes the step of dividing said block in the 
same direction as that of at least one of said data sequences. 

9. The method of claim 8 wherein said step of dividing J5 
said block includes the step of dividing said block in said 
horizontal or vertical direction. 

10. The method of claim 1 wherein each of said block 
includes 16 data sectors, and further, wherein said parity 
data includes 16 bytes of outer code parity and 10 bytes of 
inner code parity. 20 

11. An apparatus for recording data onto a disc in which 
address information has been recorded for every sector on 
said disc, comprising: 

means for arranging inputted data for every block com- 
posed of a plurality of sectors; 25 
means for forming parity data for error correction for data 

sequences in at least two directions in said block; 
means for forming a plurality of sectors by dividing said 
block including said parity data into a plurality of 3Q 
portions in a predetermined direction; and 
means for recording the data of each said sector to said 
disc in correspondence to said address information; 
wherein the two directions in said means for forming parity 
data for error correction for data sequences includes the 35 
horizontal or vertical direction and the oblique direction of 
said block. 

12. The apparatus of claim 11 wherein said means for 
forming said sectors includes means for dividing said block 

in the same direction as that of at least one of said data 40 
sequences. 

13. The apparatus of claim 12 wherein each of said block 
includes 16 data sectors, and further, wherein said parity 
data includes 16 bytes of outer code parity and 10 bytes of 
inner code parity. 45 

14. The apparatus of claim 12 wherein said means for 
dividing said block is configured to divide said block in said 
horizontal or vertical direction. 

15. The apparatus of claim 11 wherein one of said 
plurality of sectors in said block is a parity sector comprising 50 
said parity data, said apparatus further including: 

means for reproducing the block data before rewriting 
from said disc when rewriting data in a desired block; 

means for forming parity data from only new data and the 
reproduced data; and 55 

means for writing the formed parity data into said parity 
sector on said disc in order to rewrite said parity sector. 

16. The apparatus of claim 15 wherein said means for 
forming said sectors includes means for dividing said block 

in the same direction as that of at least one of said data 60 
sequences. 

17. The apparatus of claim 16 wherein said means for 
dividing said block is configured to divide said block in said 
horizontal or vertical direction. • 

18. The apparatus of claim 11 wherein one of said 65 
plurality of sectors is a parity sector comprising said parity 
data, said apparatus further including: 
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means for reproducing data in a desired block from said 
disc; 

means for forming parity data from only new data and the 

reproduced data; and 
means writing a formed error correction code into said 

parity sector on said disc in order to rewrite said parity 

sector. 

19. The apparatus of claim 18 wherein said means for 
forming said sectors includes means for dividing said block 
in the same direction as that of at least one of said data 
sequences. 

20. The apparatus of claim 19 wherein said means for 
dividing said block is configured to divide said block in said 
horizontal or vertical direction. 

21. An apparatus for recording data onto a disc in which 
address information has been recorded for every sector on 
said disc, comprising: 

a data arranging unit for arranging inputted data for every 
block composed of a plurality of sectors; 

a parity data forming unit for forming parity data for error 
correction for data sequences in at least two directions 
in said block; 

a sector forming unit for forming a plurality of sectors by 
dividing said block including said parity data into a 
plurality of portions in a predetermined direction; and 

a recording unit for recording the data of each said sector 
to said disc in correspondence to said address informa- 
tion; 

wherein the two directions in said parity data forming unit 
includes the horizontal or vertical direction and the oblique 
direction of said block, 

22. The apparatus of claim 21 wherein said sector forming 
unit includes a divider for dividing said block in the same 
direction as that of at least one of said data sequences. 

23. The apparatus of claim 22 wherein each of said block 
includes 16 data sectors, and further, wherein said parity 
data includes 16 bytes of outer code parity and 10 bytes of 
inner code parity. 

24. The apparatus of claim 22 wherein said divider is 
configured to divide said block in said horizontal or vertical 
direction. 

25. The apparatus of claim 21 wherein one of said 
plurality of sectors in said block is a parity sector comprising 
said parity data, said apparatus further including: 

a reproduction unit for reproducing the block data before 
rewriting from said disc when rewriting data in a 
desired block; 

a second parity data forming unit for forming parity data 
from only new data and the reproduced data; and 

a writing unit for writing the formed parity data into said 
parity sector on said disc in order to rewrite said parity 
sector. 

26. The apparatus of claim 21 wherein one of said 
plurality of sectors is a parity sector comprising said parity 
data, said apparatus further including: 

a reproduction unit for reproducing data in a desired block 

from said disc; 
a second parity data forming unit for forming parity data 

from only new data and the reproduced data; and 
a writing unit for writing a formed error correction code 

into said parity sector on said disc in order to rewrite 

said parity sector. 

***** 
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